Abstract. The aim of this study was to determine the effects of several food ingredients and chemical inhibitors on the expression of presenilin, a molecule involved in γ-secretase activity and the generation of amyloid-β peptide in Alzheimer's disease. Western blotting revealed the downregulation of presenilin 1 protein expression by stimulation with genistein in vitro, while the effects on presenilin 1 gene expression examined by reverse transcriptase-polymerase chain reaction (RT-PCR) were unaltered in Daudi cells. Genistein likely downregulates presenilin via the inhibition of ubiquilin 1 expression in lymphoid cells. Our findings provide new insights that may help to establish preventive strategies against Alzheimer's disease.
Introduction
Alzheimer's disease (AD) is a neurodegenerative disease with no cure and is the most common cause of dementia. Excessive accumulation of amyloid-β seems to be the primary pathological event leading to AD (1) . Neurotoxic amyloid-β is a peptide generated via cleavage of amyloid-β precursor protein (APP) by the γ-secretase complex. Presenilins are catalytic members of the complex, and mutations in the presenilin gene are the major cause of familial AD (2) . Presenilin is involved in several biological functions, but is well known for its role in the generation of the amyloid-β peptide in AD. It is therefore considered to be an important therapy target against the AD disorder.
As the Indian diet is rich in certain spices, the prevalence of AD patients in India is considerably low (3) . However, the precise molecular mechanism for the effect of these spices is largely undefined, and limited data and evidence have been provided at the molecular level (4) . Recent in vivo studies have indicated that curcumin is able to reduce amyloid-β-related pathology in transgenic AD mouse models via unknown molecular mechanisms (5) . Curcumin is a small fluorescent compound in the widely used culinary spice, turmeric, which possesses potent biological activities, including anti-inflammatory, anti-fibrilogenic activities, antioxidant activities, chemo-preventative effects, and effects on protein trafficking (6) . It is also reported that curcumin lowers amyloid-β protein levels by attenuating the maturation of APP in the secretory pathway (5) . Curcumin led to a significant reversal of structural changes in dystrophic dendrites including abnormal curvature and dystrophy size (7) . We also showed that curcumin induced the downregulation of the presenilin 1 protein in Jurkat cells (8) . These data suggest that curcumin reverses the AD pathology and provides a mechanism of action for the attenuattion of amyloid-β pathology by curcumin.
A better understanding of presenilin might help to improve the development of drugs for AD and for other neurological diseases (9) . Therefore, high priority should be given to basic research and development aimed at elucidating the mechanism of action underlying presenilin expression. As ubiquilin expression modulates biogenesis and endoproteolysis of presenilin (10), we evaluated the biochemical effects of several food ingredients and chemical inhibitors on presenilin and ubiquilin expression in cultured human cells.
Materials and methods
Cell culture. The human cell lines, Daudi, Jurkat, U937 and K562, were maintained in RPMI-1640 supplemented with 10% fetal bovine serum (FBS), penicillin and streptomycin at 37˚C in a humidified atmosphere containing 5% CO 2 .
Preparation of reagents. The reagents were dissolved in ethanol and subsequently diluted to a stock concentration of 10 mM and stored at -20˚C until use. For the cell treatments, a range of 0.5-10.0 µl was added to 1 ml of the cell culture medium.
Reverse transcriptase-polymerase chain reaction (RT-PCR).
Ubiquilin 1, presenilin 1 and GAPDH mRNAs were analyzed by semi-quantitative RT-PCR. Total RNA was extracted by an RNA isolation kit (Takara, Japan). Two micrograms of total RNA was reverse-transcribed using the Phusion RT-PCR kit (NEB) as described in the manufacturer's protocol. Cycle-based PCR was used to semi-quantitate the ubiquilin 1 and presenilin 1 gene levels. GADPH was also used as an internal loading control. All samples were analyzed within 3 months after collection. The primers used for the PCR were designed as follows: ubiquilin 1 forward, TGCTGCAGGCTCTTGCTGGA; ubiquilin 1 reverse, TGGCTGGGAGCCCAGTAACCT, (expected size 179 bp); presenilin 1 forward, GGTCCACTTCGTATGCTGGT; presenilin 1 reverse, GCTGTTGCTGAGGCTTTACC, (expected size 404 bp); GAPDH forward, TCCCATCACCATCTTCCA; GAPDH reverse, CATCACGCCACAGTTTCC, (expected size 376 bp). For real-time PCR, the reactions were performed using a real-time PCR system (Illumina Inc., San Diego, CA, USA) using KAPA SYBR FAST reaction mix (Genetics, Japan). Thermo-cycling was carried out according to the manufacturer's instructions at a 60˚C annealing temperature in a final volume of 10 µl including Taq DNA polymerase.
Western blot analysis. Equal amounts of protein samples were used for Western blot analysis using anti-ubiquilin 1 (GeneTex Inc., Irvine, CA, USA), anti-presenilin 1 (GenScript USA Inc., Piscataway, NJ, USA), anti-presenilin 2 (GenScript) and anti-Erk2 (Epitomics Inc., Burlingame, CA, USA) antibodies, and quantified by densitometry. All Western blots were repeated at least three times and representative data are shown.
Results and discussion
Several reagents involved in cell signaling and/or inhibition of the proteasome system were added to the cell culture medium of Daudi, Jurkat, U937 or K562 cells, and the levels of the genes, including ubiquilin 1 and presenilin 1, were examined. We employed RT-PCR analysis to quantify the expression level of the genes. Total RNA was isolated 24 h after treatment, and the levels of mRNA were determined by conventional semi-quantitative RT-PCR. As shown in Fig. 1 , expression levels of presenilin 1, presenilin 2 (data not shown) and housekeeping gene GAPDH were unaltered throughout the treatments of the indicated compounds compared with the ethanol vehicle, whereas the expression level of the ubiquilin 1 gene was markedly decreased upon treatment of genistein. Similar results were also obtained from the quantitative realtime PCR analysis (data not shown). There was also little difference among the results of the gene expressional profile for the Daudi, Jurkat, U937 and K562 cells (data not shown). To exclude the possibility of carry-over DNA contamination, reactions containing all RT-PCR reagents, including primers without sample RNA, were preformed as negative controls. No such contamination was detected (data not shown).
To further examine the expression status of the protein level, Western blot analysis was performed to analyze the ubiquilin 1 and presenilin 1 protein in the cells stimulated by the reagents. As shown in Fig. 2 , 50 µM of genistein and the tyrosine kinase inhibitor (AG490) markedly reduced both ubiquilin 1 and presenilin 1 protein expression, when cell cultures had been treated with the reagents for 48 h. Note that AG490 reduced presenilin 1 protein expression, whereas its mRNA expression was unchanged (Fig. 1) . Equal amounts of protein resources from the cell lysates were confirmed by immunoblotting for Erk2. Chemical molecular structures of genistein and AG490 are shown in Fig. 3 . As genistein displays activities both in the inhibition of several tyrosine kinases and in activation of estrogen receptor β, we then examined whether AG490 and estradiol synergistically reduce presenilin 1 expression. After treating the cells with different concentrations of estradiol and AG490, we found 2 µM 17-β-estradiol, 10 µg/ml mixed food isoflavones, 50 µM genistein, 50 µM daidzein, 1 µM AG490, and 50 µM AG490, respectively) for 48 h. After treatment, cell lysates were isolated, and Western blotting was performed using antibodies specific to presenilin 1, ubiquilin 1 and Erk2. At least three independent experiments were carried out, and typical paired results are shown.
that the protein expression of presenilin 1 and 2, but not Erk2, was decreased with increasing concentrations of estradiol with AG490. A final concentration of 100 nM of estradiol and 1 µM AG490 inhibited presenilin 1 expression by more than 95% in Jurkat cells (Fig. 4) . These data showed that AG490 and estradiol had a combined effect on the downregulation of presenilin 1 and 2. AG490 and estradiol also downregulated presenilin 1 in a dose-dependent manner in K562 cells (data not shown). Presenilin expression may be regulated by the estrogen receptor and/or tyrosine kinase signaling. Ubiquilin has been originally identified as a presenilin-interacting protein and has been shown to stabilize presenilin (11) . It has also been shown that ubiquilin is associated with AD (12, 13) . Accordingly, our results also suggest that genistein may downregulate presenilins probably via the inhibition of ubiquilin 1 expression in lymphoid cells.
Although the molecular mechanisms by which ubiquilin 1 is regulated have not yet been identified, our findings provide new insight and may help to establish preventive strategies against AD. Soy food is high in genistein, which can be safely orally administered to humans; however, some suspicions conerning its effectiveness in clinics may arise for fear of the expected assimilated-concentration in vivo (14) . Considering the presence of the blood-brain barrier, it is reasonable to conclude that the genistein concentration in the brain may be lower than the effective concentration. As for prion disease, the lympho-reticular system has been implicated as the route of transmission of pathogenic prion from the gut to the brain. Indeed, T cells are considered to be important effector cells contributing to neuronal damage in degenerative CNS disorders (15) . This implies that some lymphocytes can interact with neuronal cells in the brain. It is, therefore, likely that there is a lymphocytic cell-bridge between the gut lumen, where genistein concentrations could be more than 1 mM, and brain neurons on which APP must be the target for presenilins of lymphocytes. In the present study, we showed that genistein and another tyrosine kinase inhibitor AG490 downregulate the presenilin protein, which plays a crucial role in γ-secretase activity, in a dose-dependent manner. Recently, it has been reported that ubiquilin 1 regulates proteasomal degradation of proteins including presenilin (16) . Various herbs and spices including genistein or curcumin may regulate this degradation. Further studies including in vivo experiments are required to investigate the effects of genistein on proteins implicated in Alzheimer's disease.
